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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the life of a battery by using an electrolyte composed of a non-aqueous solvent and 
lithium salt, and having a leakage current value below a specific value per a specific amount of natural graphite. 
SOLUTION: A non-aqueous electrolyte is composed of a non-aqueous solvent and lithium salt and has a leakage cuirent value 
of below 0.25 &mu;A per natural graphite of 1 mg. The non-aqueous electrolyte of 3 g to natural graphite of 1 g is allowed to 
exist in an electrochemical element composed of an electrode including natural graphite as an active material, and another 
electrode including metallic lithium as an active material, voltage of 0.01 V is applied thereto at 60°C, and cunent flowing after 
25 hours from the start of the application of voltage is measured as a leakage current value preferably. The non-aqueous solvent 
is preferably composed of 95-99.99 wt.% of cyclic carbonic ester and/or chained carbonic ester, and 0.01-5 of a 
compound capable of being hardly soluble in the electrolyte when it is electrochemically decomposed. A non- aqueous 
secondary battery consists of a negative electrode composed of a carbon material capable of doping and dedoping a lithium ion, 
a positive electrode and the non-aqueous electrolyte. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] It is nonaqueous electrolyte which is nonaqueous electrolyte containing a non-aqueous solvent and lithium salt, and is 
characterized by a leakage current value asked for the nonaqueous electrolyte by the following measuring method being below 
0.25niicroper Img of natural graphites A. 

3g is made for nonaqueous electrolyte to intervene to Ig of natural graphites in an electrochemistry element which consists of an 
electrode which uses a [measuring method of leakage current value] natural graphite as an active material, and an electrode of 
another side which uses a metal lithium as an active material, 0.01 V are impressed to this element at 60 degrees C, a current 
value which flows 25 hours after voltage impiession initiation is measured, and it considers as a leakage current value. 
[Claim 2] Nonaqueous electrolyte according to claim 1 to which the aforementioned non-aqueous solvent is characterized by 
consisting of a compound which becomes at poor solubility at the electrolytic solution when electrocheniically decomposed with 
an amiular carbonate and/or a chain- like carbonate. 

[Claim 3] Nonaqueous electrolyte according to claim 1 or 2 to which it is characterized by consisting of 0.01 - 5 % of the weight 
of compounds which become poor solubility at the electrolytic solution when the aforementioned non-aqueous solvent is 
electrochemical ly decomposed with an annular carbonate and/or 95 - 99.99 % of the weight of chain-like carbonates. 
[Claim 4] Nonaqueous electrolyte according to claim 2 or 3 characterized by being at least one sort of compounds with which a 
compound which becomes poor solubility was chosen as the electrolytic solution from a group to which it consists of divinyl 
ethylene carbonate, vinyl ethylene carbonate, a maleic anhydride, phthalic anhydride, a FENl range (methyl carbonate), a divinyl 
sulfone, isocyanuric acid TORIKARUBOKISHI ethyl, and isocyanuric acid Tori (AKURIRO yloxy ethyl) when decomposed 
into the aforementioned electiochemistry target. 

[Claim 5] A nonaqueous electrolyte rechargeable battery characterized by including a negative electrode which consists a lithium 
ion of doping and a carbon material which can can y out undoping, a positive electrode, and said nonaqueous electrolyte 
according to claim 1 to 4. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rechargeable battery using the nonaqueous electrolyte and it which raised 

the battery life in details more about nonaqueous electrolyte and a nonaqueous electrolyte rechargeable battery. 

[0002] 

[Background of the Invention] The cell using nonaqueous electrolyte has high tension and high energy density, and since 
reliability, such as keeping, is high, it is widely used as a power supply of consumer electronics. Typical existence of the 
rechargeable battery which nsed such nonaqueous electrolyte especially is a rechargeable lithium-ion battery. 
[0003] As the electrolytic solution used for the rechargeable lithium-ion battery, the carbonate compound which has high 
dielectric constants, such as propylene carbonate and ethylene carbonate, is used as a solvent, or it considers as a mixed solvent 
with hypoviscosity carbonate compounds, such as diethyl carbonate, and the solution which dissolved electrolytes, such as 
LiBF4, LiPF6, LiC104, LiAsF6, LiCF3S03, and Li2SiF6, ui it is used abundantly. 

[0004] Moreover, as a negative electrode of a rechargeable lithium-ion battery, the occlusion of a lithium and the carbon material 
which can be emitted are mainly used, and is specifically classified into the graphite carbon material and the amorphous carbon 
material. The spacing of the (002) field of a graphite carbon material is a high crystallinity material 0.34nm or less, and an 
amorphous carbon material is a material with which the spacing of a field (002) exceeds 0.34nm. Since the lithium ion battery 
which used the graphite carbon material has large specific gravity with a small change of charge and discharge voltage, it has an 
advantage, like the discharge capacity per volume is large, and the lithium ion battery which used the amorphous carbon material 
on the other hand has the advantage of excelling in the charge-and-discharge cycle property that the discharge capacity per 
weight is large. 

[0005] By the cell which used such the electrolytic solution and a negative electrode, the reductive cleavage of a solvent tends to 
start at the time of first time charge, and the charge-and-discharge effectiveness at that time tends to fall. If high crystallinity 
carbon materials, such as a graphite, are used for a negative electrode and propylene carbonate and butylene carbonate are 
especially used as a non-aqueous solvent, the reductive cleavage of a solvent may occur violently at the time of charge, and the 
insertion reaction to the graphite of a lithium ion may hardly advance. 

[0006] For this reason, although it is a solid-state in ordinary temperature as a non-aqueous solvent, the ethylene carbonate in 
which reductive cleavage camiot occur easily continuously is mixed to propylene carbonate, or the formula of restricting the 
content of the propylene carbonate in the electrolytic solution is taken. The reductive cleavage of a non-aqueous solvent was 
suppressed by it, and amelioration of the charge-and-discharge effectiveness at the time of first time charge and discharge has 
been achieved. However, the cure is demanded also from the lowering of a battery life which is easy to take place when 
elevated-temperature conservation and a charge-and-discharge cycle are repeated and which is considered to originate in very 
small reductive cleavage. 

[0007] The method of adding various kinds of additives to an electrolyte as a method of raising the elevated-temperature 
conservation property and charge-and-discharge cycle property of a cell is proposed. Generally, since the charge-and-discharge 
reacting weight to the electrode which stands in a row and happens to a electrolysis reaction and coincidence to the electrolysis 
reacting weight of the electrolytic solution on an electrode being dramatically very small is dramatically large, the decomposition 
cuiTcnt by the electrolysis reaction is buried in the charge-and-discharge reaction current, and cannot measure the very small 
electrolysis reaction on an electrode to accuracy by the usual methods, such as cyclic voltammetry which evaluates 
electrochemical stability. Therefore, the actual condition is whether the very small electrolysis reaction on an electrode is 
controlled in what kind of operation, and the elevated-temperature conservation property and charge-and-discharge cycle 
property of a cell are raised, and that what kind of no additives are still known. 
[0008] 

[Pi oblem(s) to be Solved by the Invention] Then, this invention aims at offering the nonaqueous electrolyte which improved the 
elevated-temperature conservation property of a cell etc., and offer of the rechargeable battery which raised the battery life using 
the nonaqueous electrolyte. 
[0009] 

[Means for Solving the Problem] That is, this invention is nonaqueous electrolyte containing a non-aqueous solvent and lithium 
salt, and the nonaqueous electrolyte is related with nonaqueous electrolyte whose leakage current value calculated by the 
following measuring method is below 0.25microper 1 mg of natural graphites A. 
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[0010] 3g is made for nonaqueous electrolyte to intervene to Ig of natural graphites in an electrochemistry element which 
consists of an electrode which uses a [measuring method of leakage current value] natural graphite as an active material, and an 
electrode of another side which uses a metal lithium as an active material, 0.01 V are impressed to this element at 60 degrees C, 
and a current value which flows 25 hours after voltage impression initiation is measured, and let that value be a leakage current 
value. 

[001 1] As the aforementioned non-aqueous solvent, when [ like an annular carbonate and/or a chain-like carbonate divinyl 
ethylene carbonate and vinyl ethylene carbonate, a maleic anhydride, phthalic anhydride, a FENl range (methyl carbonate), a 
divinyl sulfone isocyanuric acid TORIKARUBOKISHI ethyl and isocyanuric acid Tori (AKURIRO yloxy ethyl) ] decomposed 
electrochemical ly, it is desirable that compounds which become poor solubility are consisted of by the electrolytic solution. 
Moreover, as lithium salt which dissolves in the electrolytic solution, LiPF6 and LiBF4 grade are desirable and the concentration 
has the desirable range of 0. 1-3 (a mol/1). 

[0012] Moreover, this invention relates to a nonaqueous electrolyte rechargeable battery containing a negative electrode which 
consists a lithium ion of doping and a carbon material which can carry out undoping, a positive electrode, and the 
aforementioned nonaqueous electrolyte. 
[0013] 

[Detailed Description of the Invention] Next, each configuration of the rechargeable battery using the nonaqueous electrolyte and 
it concerning this invention is explained concretely. 

[0014] ** Water ** Solution The nonaqueous electrolyte concerning liquid this invention is the electrolytic solution containing a 
non-aqueous solvent and the lithium salt as an electrolyte, and it is desirable for the leakage current value observed when it 
measures by the method of mentioning this nonaqueous electrolyte later to be below 0. 1 5microA more preferably below 
0.20microA below 0.25microper Img of natural graphites A. 

[0015] Although the current which flows when fixed voltage is impressed to the electrochemistry element which consists of a 
positive electrode, a negative electrode, and nonaqueous electrolyte is divided roughly into the current consumed by the 
charge-and-discharge reaction of an electrochemistry element, and the current consumed by electrolysis of the non-aqueous 
solvent on an electrode, if time amount which continues impressing fixed voltage to an electrochemistry element is lengthened, 
the current value consumed by charge and discharge will become small gradually, and will approach 0 in approximation. 
Therefore, the current value measured after continuing impressing fixed time amount and fixed voltage is mostly equivalent to 
the current value consumed by electrolysis of the non-aqueous solvent on an electrode. 

[0016] Therefore, the above mentioned current value is a value when the charge and discharge cuirent in the inside of a cell 
approaches 0 in approximation, the excessive side reaction which decomposition of the non-aqueous solvent in the inside of a 
cell is controlled as the current value is less than [ 0.25 micro A/mg ], and has an adverse effect on a cell property cannot occur 
easily, and has become, as a result, an elevated-temperature conservation property, a charge-and-discharge cycle property, etc. of 
a cell are improved, and its battery life improves. So, such nonaqueous electrolyte is suitable as the electrolytic solution for a 
primary cell and rechargeable batteries. On these descriptions, this current value is henceforth called a "leakage current value." 
[00 1 7] A leakage current value is measured using the equipment described below. That is, while constitutes an electrochemistry 
element and the electrode which uses a natural graphite as an active material is prepared as an electrode. As a natural graphite, 
China-Vietnam graphite mill trade name LF-1 8A can be used, for example, and the amount of natinal graphites is set to 15mg or 
more, and the amount of superintendent officers of an electrode is made into about two 10-15 mg/cm. In addition, that to which 
the natural graphite to be used performed surface treatment is not suitable, and it is not appropriate to carry out a reuse from 
what, and repeated 20 or more cycle charge-and-discharge actuation, or performed the elevated-temperature conservation test, 
either. [ what ] [ carrying out the mothball for two weeks or more as an electrochemistry eel ] 

[001 8] As another electrode, the electrode which uses a metal lithium as an active material is prepared. If the porous membrane 
of the electric insulation to which impregnation of the nonaqueous electrolyte was carried out is made to intervene between two 
electrodes, the electrochemistry element for measurement will be done. LiPF6 which is an electrolyte at nonaqueous electrolyte 
~ a non-aqueous solvent - 0.5-2 - it is dissolving by the concentration of 0.7-1 .5 (a mol/1) preferably. Here, let the weight ratio 
of an electrode and nonaqueous electrolyte be nonaqueous electrolyte 2-4 to a natural graphite 1. 

[0019] Thus, after aging beforehand for the manufactined electrochemistry element, 0.01 V are impressed at 60 degrees C, and 
impression is continued for it for 25 hours. As that example was shown in drawing 3 , the cuiTent value which flows for this 
electrocheirdstry element with impression, i.e., a leakage current value, decreases gradually, and if 15 hours is exceeded, it will 
turn into about 1 constant value. Therefore, measurement of the leakage current impresses 0.01 V at 60 degrees C, calculates the 
measured value 25 hours after impression initiation, converts the measured value (muA) into the value per Img of natural 
graphites, and makes the reduced property a leakage current value (muA/mg). 

[0020] The nonaqueous electrolyte concerning configuration this invention of nonaqueous electrolyte dissolves lithium salt in a 

non-aqueous solvent, it is the electrolytic solution on which it acts as an electrolyte, and, as for the nonaqueous electrolyte used, 

the above-mentioned leakage current value is measured below at 0.25microper Img of natural graphites A. 

[0021] As lithium salt usable as an electrolyte, lithium salt, such as LiF, LiCl, LiBr, Lil, Li2S04, LiOH, LiS03C H3, 

LiS03C6H4CH3, LiPF6, LiBF4, LiC104 and LiAsF6, Li2SiF6, LiC4F9S03, and LiC8F17S03, is mentioned. 

[0022] Moreover, the lithium salt shown by the following general formula can also be used. LiOSO two R8, LiN (SO two R9) 

(SO two RIO), LiC (SO two Rl 1) (SO two R12) (SO two R13), LiN (S020R14) (S020R15) (here, even if R8-R15 are mutually 

the same, they may differ from each other, and they are the perfluoroalkyl radical of carbon numbers 1-6). These lithium salt may 

be used independently, and it may use it, combining two or more sorts and mixing it. 
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[0023] Among these, LiPF6, LiBF4, LiOSO two R8, and LiN (SO two R9) (SO two RIO), LiC (SO two Rl 1) (SO two R12) (SO 
two R13) and LiN (S020R14) (S020R15) are desirable, and LiPF6 and LiBF4 are used further most preferably. 
[0024] As a non-aqueous solvent, they are others [ carbonate ]. Methyl formate, ethyl formate, Propyl formate, methyl acetate, 
ethyl acetate, propyl acetate, methyl propionate. Chain-like carboxylate, such as ethyl propionate Phosphoric ester, such as 
trimethy] phosphate, The chain-like ether, such as dimethoxyethane Cyclic ether, such as a tetrahydrofuran, Amides, such as 
dimethylformamide Chain-like carver mates, such as methyl-N and N-dimethyl carver mate, Cyclic ester, such as 
gamma-butyrolactone Annular sulfones, such as a sulfolane, Annular carver mates, such as N-methyl oxazolidinone Cyclic 
amide, such as N-methyl pyrrolidone Solvents, such as annular urea, such as N and N-dimethyl imidazolidone, and such mixture 
can be used. 

[0025] Also in these non-aqueous solvents, a point to the carbonate or chain-like carboxylate of electrochemical stability is 
desirable, and it is still more desirable that they are an annular carbonate and a chain-like carbonate. As an example of an annular 
carbonate, ethylene carbonate, propylene carbonate, 1, 2-butylene carbonate, 2, 3-butylene carbonate, 1, 2-pentene carbonate, 2, 
and 3-pentene carbonate etc. is mentioned. As a chain-like carbonate, dimethyl carbonate, methylethyl carbonate, diethyl 
carbonate, methylpropyl carbonate, methyl isopropyl carbonate, ethyl propyl carbonate, etc. are mentioned, 
[0026] both are mixed and used for an annular carbonate and a chain-like carbonate ~ desirable — the mixed rate at that time — 
weight % — expressing ~ an annular carbonate :chain-like carbonate — 5:95-95:5 ~ it is 20:80-60:40 preferably. 
[0027] Moreover, to the nonaqueous electrolyte concerning this invention, it is desirable to mix a small amount of additive of 
fusibility to a solvent in addition to the aforementioned non-aqueous solvent. As such an additive, when decomposed 
electrochemically, it is the compound which becomes poor solubility to the electrolytic solution, for example, the compound 
which has two or more reacting points in intramolecular can be suitably used like the unsaturated compound which has a multiple 
bond like a carbon-carbon double bond, and isocyanuric acid ester. 
[0028] The following compound can be mentioned as an example. 

(a) An unsaturated compound like di vinyl ethylene carbonate, vinyl ethylene carbonate, AKURIRO yloxy methyl ethylene 
carbonate, METAKURIRO yloxy methyl ethylene carbonate, the partial saturation carbonate compound (b) maleic acid that has 
a double bond like a FENl range (methyl carbonate), a maleic anhydride, N-ethyl malei mide, a phthalic acid, phthalic anhydride, 
SURUHOREN, and a divinyl sulfone [0029] (c) Isocyanuric acid TORIKARUBOKISHI ethyl, isocyanuric acid Tori (methoxy 
carbonylethyl), isocyanuric acid Tori (ethoxy carbonylethyl) and isocyanuric acid trialkyl (alkyl group: - methyl ~) Ethyl, 
propyl, isocyanuric acid Tori (trimethoxysilylpropyl), Isocyanuric acid Tori (hydroxyethyl), isocyanuric acid Tori (glycidyl), 
Isocyanuric acid Tori (AKURIRO yloxy ethyl), isocyanuric acid Tori (meta-KURIRO yloxy ethyl), isocyanuric acid 
TORIBINIRU, an isocyanuric acid triaryl, and the isocyanuric acid ester [0030] like isocyanuric acid triphenyl Also in these, 
divinyl ethylene carbonate, vinyl ethylene carbonate, a maleic anhydride, phthalic anhydride, a FENI range (methyl carbonate), a 
divinyl sulfone, isocyanuric acid TORIKARUBOKISHI ethyl, and isocyanuric acid Tori (AKURIRO yloxy ethyl) are desirable. 
[003 1 ] As for these additives, it is desirable to carry out addition mixing so that it may become the rate of 95 - 99.99 % of the 
weight of non-aqueous solvents and 0.01 - 5 % of the weight of additives into nonaqueous electrolyte. If it is within the limits of 
this, the effect of decreasing a leakage current value can appear and the elevated-temperature conservation property and 
charge-and-dischai ge cycle of a cell can be raised. 

[0032] the lithium salt as an electrolyte is dissolved into the non-aqueous solvent containing the aforementioned additive ~ 
having - 0,1-3 (a mol/liter) ~ preferably, it is prepared by the density range of 0.5-2 (a mol/liter), and is used for it. Additives, 
such as a stabilizer, can be suitably added to nonaqueous electrolyte if needed. 

[0033] Whether it is desirable when using it in the state of the solution which dissolved lithium salt in the non-aqueous solvent 
makes lithium ion conductivity high, and it uses the solution in the condition of having sunk into the porous insolubility 
macromolecule or it uses the nonaqueous electrolyte explained until now in the state of the gel polyelectrolyte made to swell a 
polymeric material with the electrolytic solution, it may be used in the condition of having sunk into inorganic support, such as 
an alumina and a silica, further. 

[0034] 2 [ s ] degree ** The rechargeable battery concerning pond this invention consists of a negative electrode containing the 
carbon material in which the dope of a lithium ion and a dedope are possible as a negative-electrode active material, a positive 
electrode, and above-mentioned nonaqueous electrolyte. 

[0035] As a negative-electrode active material, the carbon material in which the dope of a lithium ion and a dedope are possible 
is used, and it divides roughly as a carbon material desirable in it, and is classified into a graphite carbon material and an 
amoiphous carbon material. A graphite carbon material is a material with which the spacing of the (002) field consists of 
crystalline high carbon 0.34nm or less, and an amorphous carbon material is a material with which the spacing of a field (002) 
exceeds 0.34nm. when a graphite carbon material is used especially, the effect of decreasing the leakage current is high and, 
specifically, what calcinated the substrate containing a natural graphite, a mesophase carbon fiber, a mesophase carbon micro 
bead, and the carbon of other versatility above 2000 degrees C, pyrolytic graphite, etc. are mentioned, 

[0036] Moreover, as positive active material which constitutes a positive electrode, the multiple oxide, LiCo02 and LiMn02, 
which consists of a lithium and transition metals, LiMn204, LiNi02, LiNiXCo(l-X) 02 or a transition-metals oxide and a 
sulfide 2, for example, MoS, V205, Ti02 and Mn02, or a conductive polymer, for example, a poly aniline-disulfide compound, 
can be used. [ for example, ] The multiple oxide which especially consists of a lithium and transition metals is desirable. 
[0037] The nonaqueous electrolyte rechargeable battery using such a material can be fabricated and used for configurations, such 
as cylindrical, a coin mold, a sheet mold, or a square shape. A cylindrical nonaqueous electrolyte rechargeable battery is 
explained as an example of representation. As that structure is shown in drawing 1 , this cell is contained with the cell can 5 
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through the separator 3 with which the negative electrode 1 which apphes a negative-electrode active material to the 
negative-electrode charge collector 9, and becomes it, and the positive electrode 2 which comes to apply positive active material 
to the positive-electrode charge collector 10 were poured into nonaqueous electrolyte, where [ of winding and this winding 
object ] an electric insulating plate 4 is laid up and down, the cell can 5 -- the cell lid 7 - the ** ROGASU blanket 6 - minding 
-- by closing, it is attached, connects with a negative electrode 1 or a positive electrode 2 electrically through the 
negative-electrode lead 1 1 and the positive-electrode lead 12, respectively, and is functioning as the negative electrode or 
positive electrode of a cell. 

[0038] hi drawing 1 , although the porous film is used as a separator 3, and impregnation of the case of the gel polyelectrolyte 
made to swell a polymeric material in nonaqueous electrolyte and the nonaqueous electrolyte was carried out to inorganic 
support, such as an alumina and a silica, as an electrolyte, a separator is not necessarily required for a case. 
[0039] By this cell, as for the positive-electrode lead 12, electrical installation with the cell lid 7 is planned through the sheet 
metal 8 for current cutoff. When the pressure inside a cell rises, the sheet metal 8 for current cutoff is pushed up, and deforms, 
the positive-electrode lead 12 leaves the above-mentioned sheet metal 8 and the welded portion, and is cut, and it is that current 
is intercepted as like. 

[0040] Drawing 2 is the example of a coin mold nonaqueous electrolyte rechargeable battery. By this cell, the laminating of the 
disc-like negative electrode 13, the disc-like positive electrode 14, the separator 15 containing nonaqueous electrolyte, aluminum 
or the stainless board 17, and the spring 20 is earned out in a negative electrode 13, a separator 15, a positive electrode 14, 
aluminum or the stainless board 1 7, and the sequence of a spring 20. each part article is contained with the cell can 16 in the state 
of this laminating ~ having - the cell can top 19 ~ a gasket IS - minding ~ it is attached by closing. The same thing as the 
above is used as a negative electi ode 13, a separator 15, and a positive electrode 14. Moreover, the thing of the construction 
material of the stainless steel by which the cell can 16, the cell can top 19, and a spring 20 camiot be easily corroded with the 
electrolytic solution is used. 
[0041] 

[Example] Next, although this invention is concretely explained tlirough an example, this invention is not limited at all by these 
examples. 

[0042] First, the natural-graphite electrode and LiCo02 electrode were produced, Li-natural-graphite cell and the 
LiCo02-natural-graphite cell were produced using it, it was attached to each cell, and the leakage current value and the 
elevated-temperature conservation property were measured. 

[0043] as a <production of naUiral-graphite electrode> graphite carbon material, a natural graphite (a China-Vietnam graphite 
company product, LF-18A) is prepared, this natural-graphite powder 87 weight section and the polyvinylidene fluoride (PVDF) 

13 weight section of a binder are inixed, and it distributes to N-methyl pyrrolidinone of a solvent - making - a natural graphite 

- a mixture - the slurry was prepared, this negative electrode - a mixtiu e ~ after making the charge collector with a thickness of 
18 micrometers made from band-like copper foil apply and dry a slurry, it pressed, this was pierced to discoid with a diameter of 
14mm, and the coin-like natural-graphite electrode was obtained, this natural-graphite electrode ~ the thickness of a mixture was 
1 10 micrometers and weight was 14mni of 20 mg/phi. 

[0044] the <production of LiCo02 electrode> LiCo02 (Honjo FMC energy systems company product, HLC-21) 90 weight 
section, the graphite 6 weight section as electric conduction material, the acetylene black 1 weight section, and the 
polyvinylidene fluoride (PVDF) 3 weight section as a binder are mixed, and it distributes to N-methyl pyrrolidinone of a solvent 

- making - LiCoO ~ the slurry was prepared 2 mixture, this LiCoO - after making aluminum foil with a thickness of 20 
micrometers apply and dry a slurry 2 mixture, it pressed, this was pierced to discoid with a diameter of 13mm, and LiCo02 
electrode was produced. The thickness of LiCo02 mixture was 90 micrometers and weight was 13mm of 35 mg/phi. 

[0045] The coin mold cell shown in <production of Li-natural-graphite cell> drawing 2 was produced. That is, the laminating of 
the separator 15 with 25 micrometers [ in the metal lithium foil 13 with a thickness of 0.3mm and thickness ] and a diameter of 
19mm made from a fine porosity polypropylene film was carried out to the cell can 16 of 2032 sizes made from stainless steel at 
the sequence of the metal lithium foil 13, a separator 15, and the natural-graphite electrode 14 for the natural-graphite electrode 

14 with a diameter of 14mm and the diameter of 16mm. 

[0046] Then, 0.05ml of nonaqueous electrolyte was poured into the separator 15, and the board 17 of further the product made 

from stainless steel with 1.5mm [ in thickness ] and a diameter of 15.5mm and the spring 20 were contained with the cell can 16. 

By closing the cell can top 19 at the last through the gasket 18 made from polypropylene, the airtightness in a cell was held and 

the coin mold Li-natural-graphite cell with a diameter [ of 20mm ] and a height of 3.2mm was produced. 

[0047] The laminating of the separator 15 with 25 micrometers [ in LiCo02 electrode / 14 / of with a <production of 

LiCo02-natural-graphite cell> diameter of 1 3mm, the natural-graphite electrode 13 with a diameter of 14mm, and thickness ] 

and a diameter of 16mm made from a fine porosity polypropylene film was carried out to the cell can 16 of 2032 sizes made 

from stainless steel at the sequence of the naUiral-graphite electrode 13, a separator 15, and LiCo02 electrode 14. 

[0048] Then, 0.03ml of nonaqueous electrolyte was poured into the separator 15, and the board 17 of further the product made 

from aluminum with 1.2mm [ in thickness ] and a diameter of 16mm and the spring 20 were contained with the cell can 16. By 

closing the cell can top 19 at the last through the gasket 18 made from polypropylene, the airtightness in a cell was held and the 

coin mold LiCo02-natural-graphite cell with a diameter [ of 20mm ] and a height of 3.2mm was produced. 

[0049] In advance of leakage cuixent value measurement of a <measurement of leakage current value> Li-natural-graphite cell, it 

aged on the conditions described below. After aging conditions discharge to OV with the current density of about 0.6 mA/cm2, 

they are held to OV, make all charging time values 10 hours, after charging to 1.2V with the current density of about 0.6 mA/cm2 
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after that, are held to 1.2V and make all the charging times 10 hours. Next, only this actuation is two-cycle ******^ using [ after 
about 1.2mA /discharges to OV with the current density of 2 cm, it holds to OV and make all charging time values into 5 hours 
and ] as 1 cycle charge-and-discharge actuation which holds to 1.2V and makes all the charging times 5 hours, after about 1.2mA 
/charges to 1 .2V with the current density of 2 cm after that. 

[0050] Next, temperature up of this cell was earned out to 60 degrees C, all 25-hour discharge was continued on condition that 
0.2mA constant cunent and 0.01 V constant voltage, the current value which flowed on the cell at this time was measured, and 
the current value change to a charging time value was pursued. The current value of 25 hours after was measured for leakage 
current value count. 

[005 1] In the case of the <elevated-temperature conservation test> Li-natural-graphite cell, it aged on the same conditions as the 
above first, and discharge of a total of 10 hours was carried out to it as a 3 cycle eye of a portion after that and the second half on 
condition that 2mA constant current and O.OIV constant voltage. Subsequently, after saving this cell for 14 days at a 60-degree C 
thermostat, charge of a total of 5 hours was performed on condition that 2niA constant current and 1 .2V constant voltage. At this 
time, it asked for the ratio of the charge capacity after the conservation to the discharge capacity of 3 cycle eye before 
elevated-temperature conservation as a capacity survival rate (%). The elevated-temperature conservation property was evaluated 
based on this capacity survival rate. 

[0052] In the case of the LiCo02-natural-graphite cell, it aged the following condition first. That is, on condition that 0.5mA 
constant current and the constant voltage of 4.2V, it charged until the current value of 4.2V was set to 0.05nxA, and after that, on 
condition that ImA constant current and the constant voltage of 3.0V, it discharged until the current value of 3.0V was set to 
0.05mA. Subsequently, on condition that 1mA constant current and the constant voltage of 3.85V, it charged until the current 
value of 3.85V was set to 0.05mA. 

[0053] Subsequently, it saved for one day at the 60-degree C thermostat, and after that, on condition that 1mA constant current 
and the constant voltage of 3.0V, it discharged until the current value of 3.0V was set to 0.05mA. It asked for the ratio of the 
discharge capacity after conservation to the charge capacity to 3.85V as a capacity survival rate (%) before the 
elevated-temperature conservation at this time. 

[0054] (Example 1) 15.2g (lOOmmol) is dissolved in the mixed solvent of ethylene carbonate (EC, 39.8 % of the weight), 

dimethyl carbonate (DMC, 59.7 % of the weight), and divinyl ethylene carbonate (DVEC, 0.5 % of the weight), LiPF6 is set to 

lOOml at 25 degrees C, and it is LiPF6 concentration. The nonaqueous electrolyte of 1 (mo 1/1) was prepared. 

[0055] The leakage current value was measured about this nonaqueous electrolyte, as drawing 3 showed, the current which 

flowed on Li-natural-graphite cell, i.e., the leakage current, became about 1 law in 15 - 25 hours, and the leakage current value of 

25 hours after was 0.22microA per Img of natural graphites. Moreover, the elevated-temperaUire conservation property of 

Li-natural-graphite cell was investigated, and the capacity survival rate (%) was indicated to a table 1. 

[0056] (Example 2) In the example I, except having changed the mixed rate of ethylene carbonate (EC), dimethyl carbonate 

(DMC), and divinyl ethylene carbonate (DVEC), it was operated like the example I and the leakage current value was measured. 

Moreover, the capacity survival rate (%) was measured, and this nonaqueous electrolyte was applied to the 

LiCo02-natural-graphite cell, and it described in a table 1 collectively. 

[0057] (Examples 3-10) In the example 1, it carried out like the example 1 except having used vinyl ethylene carbonate, a maleic 
anhydride, phthalic anhydride, a FENl range (methyl carbonate), isocyanuric acid TORIKARUBOKISHI ethyl, isocyanuric acid 
Tori (AKURIRO yloxy ethyl), and a divinyl sulfone instead of divinyl ethylene carbonate, respectively. The result of having 
measured the leakage current value was described in a table 1 . 

[0058] (Example 1 of a comparison) As nonaqueous electrolyte, except having used the mixed solvent of ethylene carbonate 
(EC, 40 % of the weight) and dimethyl carbonate (DMC, 60 % of the weight), it carried out like the example 1, the leakage 
current value was measured, and it indicated collectively to a table L Furthermore, it measured also about the capacity survival 
rate (%) of Li-natural-graphite cell and a LiCo02-natiiral-graphite cell, and described in a table 1. 
[0059] 
[A table 1] 
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[0060] The capacity survival rate in an elevated-temperature retention test was also so high that the leakage current value became 

small, and the result of examples 1-10 and the example 1 of a comparison showed that a battery life improved. 

[0061] 

[Effect of the Invention] Since the nonaqueous electrolyte of this invention made the leakage current value below 0.25microper 
1 mg of natural graphites A, it can control the electrolysis reaction of the non-aqueous solvent on an electrode to the minimum, 
and is stable nonaqueous electrolyte. Furthermore, the elevated-temperature conservation property of the rechargeable battery 
which used such nonaqueous electrolyte is improving, and it is thought that it contributes to amelioration of a 
charge-and-discharge cycle property and extension of a battery life. 


[Translation done.] 
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2rtf-^7t„ X-^-'y^^femi. *?;0. GmA/cm^tO 
«gg^«T'0V^Tift«L/^1*0VtfiH#LT^ffi«l^ 
1^^ 1 OB^fSt L, -^cOfM70. 6mA/cm2<7)mS£ 
^^t'l. 2Vi-C-3tmLT*»^.l. 2VtfilftL-C± 
^m^^S: 1 OfiF^t-r-^. mi . 2mA/cm 

2tfomSS^)S-C'0 Tifc«L:t1*0 Vlcffil^ LT^SC 
'm^i:5\^tL. ^com^l. 2mA/cm2cO« 
S?&ST'l. 2VtT^LT*»^>l . 2Vtc»fifLt: 
^^Sf^* 5m^bth^^^m ^iVk. L 30 

[00 50]<j:(c. ^<7)m?ifi&6 0"ct#iaL. 0. 2 

mA^msE, 0. 0 l V5e^E«^f^-i:'^2 5I^J!cS 

^mix'^mm.<r>tzmzm^Ltz. 

[0051] <^afll#TX h>L i -^Hifi«?fitO 

-g-cOf*. f*¥a5^c03-«f>f^';PBtL-C2mA£«S[. 
0. O lV5gm<?>*ttT'^10B#^«J!cm$:?T^'> 40 
/c. iKV^T'. vlc7)«jft2r6O'Cc7)fijaiitl4a0«^f 
Lfz^. 2mAS«cE. 1. 2Ve^<?)^-C':^5^ 

mMMm.\zm-hm^iiC7)^^m.(r))t^^m^mm^ 
* (%) t LT*4^>;t, ^(r>^smm<,zM^\^xn^ 

[0052]LiCoO2 -5c^fSm?ficOJl^t(±. 
^■r<>:<?)^TX->;y^5:ffo7t, -r^*)*,. 0. 5 
mA<7)g^. 4. 2V£OSmEEt7)^T\ 4. 2V-C 
C0«c£ffi*<0. 0 5mA(c:5:l,*tML. -?^c7)^lm 50 


!Rp^2001-57234 
1 0 

Ac7)gmgS[. 3. 0V<7)£^<O^T, 3. OVTCO 
mjl£fi*^0. OSmAt^S^T'SCtiLf^. i5Ct^T\ 1 
mAcO^^. 3. 8 5V<7)£«E(7)^T\ 3. 8 5 
VT-WmcSfflA^'0 . 0 5mA{C^^tT-^^^ffr>/i, 
[ 0 0 5 3 ] 6 0°C«^ia«tC 1 HSffffb, 

^COI^, 1 m A£05g«s£. 3 . 0 V<7)^«E<7)^-C. 
3. 0VT'<0SgJffl*>0. 0 5mAJC^^tT'iiC«5:1t 
-ofv!. CKO^, «affi#ffir3. 8 5Vt-CtfD3teS§M 

ffi#^ife«^ac^ifc$^«g«#* (%) 

[0054] (HSgpd ) L i PFe^l 5. 2g(10 
Ommo 1)5-, Xf-Uy;)!^-;^*- h (EC. 3 9. 
8SM%) . l^)<^>VA-^-^—V (DMC. 5 9. 7 
iiiXfiy\i-)V:j:-^Vyi}—ir^^-y (DVE 
c. 0. 5Sfi%) (O^^JgJEtrilfJSS-frT, 2 5x:t' 

100ml fcL. Li PFeSlg \ {mo\/\)<r> 

[0055] iio^i;*®j??S{cov^-c«<xmmi&a3S 

tL:t^i£. ^^r*)*>S^xmn£J±l 5-2 5^ia-CJJff- 

o . 2 smmmwx^mM. ^Jiis i m g 
?fiic7)©mff#e&K^. ^&n^m (%) ^^itie 

[00 56] (»fi0l|2) HifiplJltjSl^T. x^l^y 

h (EC) . (DM 
C ) i3±tXi^'t'ri;Px^ U- h ( D VE C ) 

<7)S^M^^^i.^mwi»SCT 1 tmmtzmi^Lxm 

02-^SMtsm«itjML, ^simm (%) 
L-r^ifcflf*-cieu3t. 

[00 57] {mmm--io) mmmnzm^x. i^' 
uyi^ (;.< h ) . ^ y >-rif /PiSh u 

yP^Jfdf-i^x^/K ^Vi^T7)imhO (r^"Ja>fo^ 

i'MiUJSM 1 i:|H|«t=fTo^:. «h.«S[«^S95gL:^ciS 
*?:«ltcEL/c, 

[0058] (it^l)lf*m)S?fttLT. x^l.:^ 
(EC. 40M:%) fcj^';'<^;P;<f-.tc^ 
-h (DMC. 6 0«S%) <?DS^^$rfflV^/:!Jai'M± 

latc^ 1 1 mmizin\ ^ . ^mciffl^ si^ t.mnzm 

-tXsmLfz. ^^>tc. L i -^M^mtiXtfL i 
Co02-^SIIIS«}l!ii0^gS#* (%) iz-oi^xi, 
m^L. miizMLfz. 
[0059] 
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(7) 1^^200 1-57234 

1 2 

[ 0 0 6 0 3 Hilt?) 1 ~ 1 0 J3 i I^Jt|g«?9 1 <0^^- 
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fmM 1 m g *>it 0 0 . 2 5 /X AOT t L3t«r. 

[@2 ] *l|BBt«i5S^N*S»?ft^JOT Lfz^-fy 
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